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ABSTRACT
GENESIS AND GEOMORPHOLOGY OF SUPERIMPOSED LANDFORMS ON ICEWALLED-LAKE PLAINS IN NORTHERN ILLINOIS
Aubrey Charlotte Dalbec, M.S.
Department of Geography
Northern Illinois University, 2015
Michael E. Konen, Advisor
Ice-Walled-Lake Plains (IWLPs) with superimposed landforms have been noted, but never
extensively researched, in the DeKalb region of Northern Illinois. This study aims to describe the
superimposed landforms (SILs) and propose a theory of their genesis. These SILs appear as
circular ramparts with interior depressions. Seventy two total landforms were identified using
black and white aerial photography. Two hypotheses were tested; that the SILs were glacial and
formed concurrently to the IWLPs, or that the SILs were periglacial and formed after the IWLPs,
and after the retreat of the last glacier. Data that was gathered on these superimposed landforms
was compared to relict IWLPs in the Midwest, and modern periglacial landforms in the Arctic.
After analyzing morphometrics and sedimentology, it was determined that the superimposed
landforms are likely relict periglacial frost mounds (pingos). This proves the existence of past
permafrost in the Northern Illinois area, and can be used to aid in paleo-climatic reconstructions.
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CHAPTER 1. INTRODUCTION

1.1 Glacial History of Illinois

Ice-walled lake plains in Northern Illinois were formed during the Wisconsin Episode
Glaciation. This era of glaciation falls into the Pleistocene epoch of the Quaternary period. The
Quaternary period is used to mark the beginning of the most recent Ice Age, and as such it
encompasses the time period of 2.6 million years ago to present. Within the Quaternary, many
different glaciations have occurred. The most commonly referenced of these are the Wisconsin,
Illinois, and Pre-Illinois. The designation of “Pre-Illinois” glaciation refers to not just one, but
several periods of glacial retreat and advance that prove difficult to separate into singular
glaciations. This Pre-Illinois glacial advance encompasses those which occurred from 2.6 million
to 500,000 years ago. After this time, the Illinois Episode glaciation occurred 200,000 to 130,000
years ago (Killey 2007). Most of Illinois has evidence of this glaciation; a total of 90% of the
state was covered at one point or another during the Quaternary.
The interval between the Illinois glaciation and Wisconsin glaciation provided a long
opportunity for soil development in the sediment left behind by the Illinois Episode glaciation.
The soil development directly before Wisconsin glaciation is now known as the Sangamon soil,
and while it has been eroded away in some cases, very often it can still be located and used as a
stratigraphic marker (Killey 2007).
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The Wisconsin glaciation itself occurred from 85,000 to 10,500 years ago (Killey 2007).
Illinois was not impacted by glaciers throughout this entire time period; the last glacier left
Illinois around 13,000 years ago. There has been glacigenic material in Northern Illinois dated to
25,000 years ago (YA) and the Southern-most extent of glaciation has sediment that is 20,000
years old. This implies that it took the glacier 5,000 years to enter Illinois from the north, and
make its full southern extent (Killey 2007). During the Wisconsin Episode glaciation, the Peoria
silt was deposited from approximately 55,000 to 12,000 years old. This Peoria silt is a form of
loess, and covers most of DeKalb County. It was during the Wisconsin Episode glaciation that
the Ice-Walled-Lake Plains (IWLP) of the study region formed. By radiocarbon dating various
organics found in previous studies, the oldest and youngest IWLPs in Illinois were formed
21,860 and 16,520 years ago respectively (Curry et al. 2010). The period of time that the IWLP
of the study region were created is sometimes referred to as the “Woodfordian Substage”.
1.2 Supraglacial Environments

The term supraglacial is used to describe the ice and debris on top of a glacier. There is a
general consensus amongst glaciologists that supraglacial material is derived from debris at the
bottom of a glacier, and then becomes englacial and finally supraglacial debris. There are three
ways in which subglacial debris moves to the top of a glacial. These are; the thrusting of
subglacial and basal debris along shear planes near the margin of active ice, stacking of debrisrich glacial ice, and “freezing on” of debris rich ice in the subglacial environment which thrusts
upwards during top-down melting (Johnson and Clayton 2005). The thrusting mechanism
requires shear planes and debris rich basal ice, or unfrozen subglacial debris. This has been noted
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to move debris up to 200m above the ice bed. Stacking can produce thick stagnant ice that allow
for the accumulation of supraglacial debris. Stacking occurs either by thrusting, glacier
readvances, or movement of active ice over stagnant ice (Johnson and Clayton 2005). Debris
“freeze-on” occurs near ice margins where there is a mixture of warm and cold water that allows
debris to freeze on to different parts of the glacier. Both thrusting and stacking require
“compressive flow” (Johnson and Clayton 2005). This can happen in glacial environments either
by, 1) warm water flowing to a frozen bed, 2) subglacial slopes that slope “up-glacier”, or 3)
surging glaciers (Johnson and Clayton 2005). A surging glacier refers to one that is relatively
rapidly moving down its valley (McMeeking and Johnson 1986).
Supraglacial landsystems form when the stagnant ice slowly melts and supraglacial debris
collapses. Today, these supraglacial landsystems are characterized by “bands and tracts” of
hummocks which mark the margin of a glacial advance (Johnson and Clayton 2005). The most
common landform associated with supraglacial formations are the hummocks. These are defined
as being hilly areas with common lakes and wetlands (Dott and Attig 2004). Supraglacial
landforms also commonly include disintegration ridges, ice-walled lake-plains, outwash fans,
and dump moraines (Johnson and Clayton 2005).
Hummocks formed in areas that were very debris rich. The variance in levels of debris
cover led to some ice being less insulated than surrounding areas. As the environment warmed,
these thinly insulated areas melted quicker than areas with more insulation (or debris). The thinly
insulated locations became even lower on the topography, and wet debris from the higher
surroundings sloughed down onto these low spots. This exposed ice on the previously highest,
most insulated areas and made them more prone to melting. This process continued over and
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over until all the ice was melted and hummocky topography was left behind (Dott and Attig
2004). Hummocks are generally hundreds of feet in diameter and tens of feet high. Very tall
hummocks can exceed 100 feet high. In modern day hummocks, there are commonly lakes and
wetlands in the lowest elevations (Dott and Attig 2004).
1.3 Ice Walled Lake Plains

1.3.1 Formation

There are also many Wisconsin Age lakes left behind in hummocky areas, which form the
modern day Ice-Walled Lake Plains of this study. These lakes were walled by ice and formed in
small depressions in the ice surface. Water supplied the lake and brought in sediment. Larger
sediment was the first to drop out of the water flow, and settled towards the shore. Smaller
sediments were brought further offshore and settled to the bottom of the lake. As the surrounding
ice melted, the lakes drained of water and the sediment was left behind. This series of events left
a perched area of lake sediment now called an Ice-Walled Lake Plain (IWLP)(Dott and Attig
2004). This process is depicted in Figure 1, which shows the transition from Ice-Walled-Lake to
Ice-Walled-Lake Plain.
Ice-Walled Lake Plains have been noted extensively in the United States on moraines
formed by the Wisconsin Age Glaciation. Most of these have been identified in the Great Lakes
region states and the Dakotas. Early IWLPs that were noted in the U.S. were found by Clayton
and Cherry in North Dakota and noted in the state’s geological survey (Clayton and Cherry
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1967). They described IWLPs as “flat to undulating elevated plains above the surrounding dead
ice moraines”.

Figure 1. Formation process of an uncoalesced IWLP, from Clayton et al. 2008
Clayton and Cherry acknowledged the presence of un-coalesced and coalesced basin
lakes. Coalesced basins grew together after ice blocks that separated two different IWL’s had
melted away. They argued that coalesced basins had five defining attributes; 1) lake sediment
was on relatively flat till surfaces, 2) areas between ice blocks were also relatively flat and laid
on top of collapsed lake sediment, 3) plateaus did not exceed the maximum water level (1700
feet in their area of study) 4) the areas where ice blocks were presumed to exist had no
supraglacial material or hummocky topography, which proved the ice blocks existed above water
level, and 5) the flat plateaus extended to connect with hummocky topography areas, as the ice
blocks probably extended below the lakes in some places. (Clayton and Cherry 1967)
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Un-coalesced IWLs were more common in North Dakota and seem to be more common
in Northern Illinois as well. These were ice-walled-lakes which occupied single, separate lake
basins. These un-coalesced lakes are the basis of IWLPs. These stand above the surrounding
topography on sediment formerly located at the bottom of the un-coalesced lake. Clayton and
Cherry noted that they were commonly 1-2 miles long, and had analogs in Minnesota, Denmark,
and Canada.
Clayton and Cherry (1967) then distinguished between two types of un-coalesced lakes:
unstable and stable. Namely, unstable lakes were surrounded by supraglacial till that was thin
and melted rapidly. These areas were more prone to mass movement and the topography was
continuously changing. Rivers in this environment had enough velocity to transport silts, sands
and gravels to the ice walled lakes. The higher velocity rivers led to higher velocity waves
entering the unstable lakes. Waves were strong enough to carry the mud and slump into lakes,
distributing heavier sand and gravels near the beach, and fine material to the centers. These
“unstable lakes” are therefore associated with beach rims where sands and gravels were
deposited as rivers entered the lake and slowed (Clayton and Cherry 1967) Their modern day
shape is commonly concave upwards, which represents the compaction of the finer sediments in
the center of the lake. The material in the center of the lake tends to be clayey silt. The rims were
found to be composed of either till or gravel. There was thought to be till where supraglacial till
could have slumped off the ice without being reworked by waves, and gravel were there had
been reworking by waves (Clayton and Cherry 1967). These lakes were also more round than
their analog stable environment lakes. This is due to the more frequent, stronger wave action that
rounded out most sediment in the area.
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Stable lakes had supraglacial debris so thick that the ice beneath melted very slowly. The
topography of these areas therefore changed very slowly, and mass movements were rarer.
Rivers in these areas were calmer and sediment sorted quicker, so by the time most rivers
reached a lake the sediment was very fine. Sediments in the center of these lakes are clays and
silty clays, as opposed to clayey silts. Because of slumping, stable environment lakes differ
noticeably from the unstable lakes in that they lack rims. Their shape is more convex upward as
well, since the sediment is fairly even in size throughout the lake and “beach area”. Stable lakes
also stand perched higher than unstable lakes, perhaps because they existed for a longer time and
had more sediment accumulation. The unstable lakes are found in low areas of the topography,
and rise above the depressions around them.
1.3.2 Distribution

As mentioned above, North Dakota was perhaps the earliest location in the U.S. in which
IWLP were identified as such. They were noted in Mountrail County, ND which is in the
northwestern part of the state. Clayton and Cherry identified them in Saskatchewan at this time
as well (Clayton and Cherry 1967). Neil Koch identified them in South Dakota in his 1975
Geological Survey. He referred to these as perched lacustrine deposits (Koch 1975). IWLPs have
also been noted in Minnesota and Wisconsin, first noted as lacustrine formations in the Superior
and Des Moines Lobe areas (Meyer 1985). Meyer noted them as lacustrine clays and silts with
interbeds of silty sands. Additionally, IWLPs were identified in Ramsey County MN along the
Superior Lobe (Patterson 1992). Patterson also notes them in her Hydrologic Assessment of
Southwestern Minnesota, here being on the Des Moines Lobe (Patterson 1994). Johnson
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identified them in Wisconsin in areas that were affected by the Des Moines, Superior, and
Chippewa lobes in 1986 (Johnson 1986). Figure 2 depicts the location of IWLPs mapped
throughout the Midwest, as of 2010.

Figure 2. Distribution of mapped IWLPs in A) Illinois, B) Upper Midwest (Petras 2010)
Internationally, IWLP have been identified in the areas of the world that have been most
recently glaciated. The first IWLP noted in scientific literature were those in Denmark- described
as plateau clay-hills (Johnson and Clayton 2004). They have also been described in Russia,
Lithuania, Germany, Poland, and Canada (Johnson and Clayton 2004) including in
Saskatchewan, and Alberta (Parizek 1969).
1.3.3 Morphology of IWLPs
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The morphology of the IWLPs provides some insight into how the DeKalb mounds may
have formed. Most IWLPs are 5km or smaller in diameter. Many as small as 0.5 km have been
identified, but not necessarily mapped. Many IWLPs are as tall as the surrounding till plain
hummocks, and are often as much as twice their height (Clayton et al. 2007). According to Curry
et al. (2010), IWLPs in Illinois vary from 30-10,000 m in width and rise 1.5 to 9 m above the
surrounding plains. According to Curry et al. (2007), most IWLPs are circular to semi-circular in
appearance. Lower and higher relief IWLPs have been documented to vary in shape. Low relief
IWLPs tend to slope downward, starting at a high rim and moving down towards a level, central
plain. Many of these low relief IWLPs have a very distinct exterior ridge, which averages 4
meters above the center of the plain.
1.4 Ice Walled Lake Plains in Illinois

The “DeKalb Mounds” were identified as early as 1970 (Flemal, Hinkley, Heslar 1970).
The first proposed theory for the origins of the DeKalb Mounds was that of a Pleistocene age
Pingo field (Flemal et al. 1973). The authors described the existence of more than 500 circular to
elliptical mounds in north-central Illinois. The mounds occur between the two moraine
complexes, Bloomington and Arlington. This area is underlain by the Tiskilwa till, which is a
Wedron Group till member. They identified the local drift being anywhere from 15-125 meters
thick. The mounds were easiest identified by aerial photos, based on color differences between
the rims and adjacent lows. These color differences were caused by changes in soil moisture,
slope, and parent material.
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Flemal et al. (1973) found that the mounds often occur in clusters, and are very closely
spaced within these clusters. They also saw that in many cases mounds overlapped one another.
The top of the satellite mound would in those cases be at a lower elevation than the top of the
main mound. A cluster of the DeKalb Mounds are pictured in Figure 3. These particular mounds
are in the DeKalb and Sycamore quadrangles of DeKalb County.
The larger mounds are often flat, with a low relief slope. On average, Flemal et al. found
the large mounds had as little as 0.5 to 1 meter change in height over as much as a 0.5 km
diameter. Most of the crust relief occurred near the margins with the rims. The smaller mounds
had similar relief, but since the horizontal diameter is smaller, they had larger slopes. Because of
the larger slope on smaller mounds, the authors noted that often times there are dark, partly
colluvial soils that have developed in the center of the mounds. Additionally, breaches were
often noted in the rims of the mounds, suggesting that at one time water flowed from the center
outward.
Curry et al. (2010) described three layers of sedimentology. The authors described the
surface layer as loess high in montmorillinite, determined to be the Richland age loess. The
second layer was a thin band of sand and gravel that the authors described as “lag” from partial
deflating of the surface by wind prior to the loess deposition. Lastly was a finely laminated layer
of silt and clay. The clay mineralogy of this layer was higher in illite and lower in
montmorilliniate. This layer was thought to be from the same material as the Tiskilwa till, but
deposited by lake action. These three layers are depicted in Figure 4.
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Figure 3. Distribution of IWLP (blue) and Superimposed Landforms (SILs) (green) in central
DeKalb County, Illinois. SILs are found inside IWLPs, raising about one foot above the center of
the IWLP.
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Figure 4. Sedimentology of an IWLP in the Hampshire Quadrangle, Kane County (Curry et al.
2010)
Flemal (1972) proposed an additional formational model for the DeKalb Mounds
suggesting that the most discerning characteristic of the DeKalb Mounds was the presence of
lake sediment lying at elevations above the general area’s terrain level. He believed that this
meant that there must have been a wall composed of ice and/or frozen ground, which acted as the
wall of the pingo crater and supported the development of a lake (Flemal 1972).
Flemal (1972) used the two classifications of pingos (open and closed) to come to the
conclusion that the DeKalb mounds were at one time open system pingos. When pingo domes
become raised, tensile stresses at the peak of the dome increased. These stresses form fractures at
the crest of the dome, which sometimes extend all the way to the ice core. This process
ultimately becomes the demise of the pingo, as the ice core becomes exposed and begins to melt.
Flemal believed that the craters left behind by ice-core melt often developed lakes. These lakes
accumulated the lacustrine sediment found in the modern DeKalb Mounds (Flemal 1972).
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The formation of these open system pingos depends on: 1) a continuous source of
groundwater flow, and 2) permafrost. In Flemal’s model, this groundwater source was
subglacial. He believed that the presence of lacustrine sediments under the mounds indicated that
there was sediment-transporting water entering the pingo from lakes beneath of it. The required
permafrost was presumed to have developed along the margin of the ice sheet. The specific
location of the DeKalb Mounds was thought to be particularly susceptible to permafrost as it was
in a “sheltered re-entrant in the Woodfordian ice sheet” (Flemal 1972).
Flemal’s stages of pingo formation started with hydrostatic groundwater flow forced out
from beneath the Woodfordian glacier. Then, sites that were covered by thin layers of
permafrost were too weak to resist the hydrostatic force of this groundwater, and therefore
buckled upwards. Flemal proposed that the more circular mounds had been covered by a thin
layer of permafrost, and elliptical mounds had suffered linear contraction cracks. After
hydrostatic water was present, mounds originated by groundwater freezing and producing an ice
lens, and then buckling to produce the pingo dome/mound.
Eventually, this ice lens began to melt. This coupled with the continued below ground
hydrostatic pressure led to a development of water passages through the ice lens, into the bottom
of the pingo crater. Additionally, sediments were moved upwards by the upward pressure.
Flemal (1972) proposed that the materials carried in the pingo craters eventually filled the
craters. He also suggested that the rims or margins of the pingo crater lakes contained coarser
sediments than the interior due to the carrying capacity of entering water and wave action. If this
lake infilling rose above the level of the surrounding environment, a flat topped circular mound
of lake sediments would be left behind when the ice core completely melted (Flemal 1972).
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He noted that the clusters of the modern day DeKalb mounds were probably caused by
the insulation provided by the first generation of pingo crater lakes. This would leave the ground
below the mound insulated, and weakened; more susceptible to stresses from groundwater, and
more likely to develop another cycle of pingo growth (Flemal 1972).
Recently, Curry et al. (2010) identified the existence of more than 2000 IWLPs across
Illinois. The authors suggested that the DeKalb mounds could be of Ice-Walled-Lake Plain
origin, as opposed to the pingo hypothesis championed by Flemal et al. (1973). Curry et al.
(2010) examined cores taken from IWLPs on the Bloomington, Newton, Gilman, Ransom, West
Chicago, Tinley, and Deerfield Moraines. They specifically looked in depth at one core from the
Hampshire quadrangle on the Bloomington Moraine. The authors identified a “cluster” of IWLPs
around the southern half of the DeKalb, Illinois 7.5 minute quadrangle. There were a total of 311
IWLPs identified in this area.
The work by Curry et al. (2010) had three major contributions to the area of study.
Firstly, the authors found and identified both micro and macro fossils which were used to
radiocarbon date when the ice became stagnant. Secondly, the authors found two types of
formation of the mounds; a formation of lacustrine silty clays in depressions of the surrounding
clay loam diamicton, and lakes formed on a silty clay diamicton, where the diamicton become
“squeezed” into depressions by glacial karst, leaving thin lake sediment (Curry et al. 2010).
Thirdly, the authors championed the theory that the mounds are indeed IWLP related to ice
stagnation, and not periglacial mounds as Flemal proposed.
1.4.1 Orientation
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In addition to morphologic evidence used to understand the DeKalb mounds, additional
evidence regarding their origin can be gained by understanding their orientation. To date, only
Allred et al. (2014) have specifically analyzed the pattern of orientation of the IWLPs in the
DeKalb, Illinois area. They proposed three hypotheses to explain the orientation of the IWLPs;
extraterrestrial impacts, ice flow and glacial crevasses, and direction of prevailing paleo-winds.
They found that the IWLP orientation is not related to ice flow dynamics or glacial crevasses
because no statistically significant relationship exists with regard to the ice flow as proxied by
the moraine direction. Wind directions prevailed to the southwest, as evidenced in Miao et al.
(2010), which gave the IWL and modern day relict IWLPs their orientation. Figure 5 displays the
orientation of four different size groups of IWLPs. This figure shows that as the wind blew from
the southwest, the lakes were orientated preferentially to the northeast.

Figure 5. Perimeters and orientations of IWLPs grouped by size (Allred et al. 2014)
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1.4.2 Superimposed Landforms

Superimposed landforms are defined as somewhat circular, raised landforms on IWLPs in
Northern Illinois. These have been noted on IWLPs in Northern Illinois, but never described and
investigated in detail. Flemal identified them as the “overlapping and superpositional
relationships” that were one of seven characteristics of the DeKalb Mounds (Flemal 1973). Three
years later he noted again of the DeKalb Mounds that, “some mounds are completely
superimposed on other mounds” (Flemal 1976). Most recently, hubs have been described as
“’parasitic’ or satellite mounds” (Curry et al. 2010). Figure 6 depicts an IWLP (in blue) in the
DeKalb quadrangle that has three superimposed landforms within it. These landforms are
identified by a light green. It is common for IWLPs to have more than one superimposed
landform within them. These superimposed landforms are the focus of this study.

1.5 Periglacial Environment

1.5.1 Permafrost

Because of the periglacial hypothesis of the origin of SILs, the varying definitions of
permafrost will prove important to the background of this study. Davis (2001) defines permafrost
as “ground that has a temperature lower than 0°C (32°F) continuously for at least two
consecutive years.
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Figure 6. Map of three SILs (green) within an IWLP (blue), DeKalb County
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French (2007) defines permafrost as “ground (i.e. soil and/or rock) that remains at or
below 0 degrees C for at least two consecutive years”. French continues to write that,
“permafrost is not ‘permanently frozen ground’ as Muller (1943) initially described it, but
‘perennially-frozen ground.’ Furthermore, permafrost may not necessarily be frozen since the
freezing point of included water may be depressed several degrees below 0 degrees C.” (French
2007).
1.5.2 Thaw Lakes

Thaw lakes are modern-day analogs to the IWLPs that formed in this study’s area. They
are seen in the modern-day arctic, in permafrost environments. Thaw lakes are ubiquitous in flat
laying, tundra terrain with fine-grained ice-rich sediment (French 2007). They are commonly
found in fluvial terraces, drained lake basins, outwash plains, or coastal areas. They rarely can
occur in bedrock that is poorly consolidated, fine grained, and ice rich. Thaw lakes were first
identified in Northern Alaska by Hopkins (1949) and Wallace (1948). Recently, they were
described in the Tuktoyaktuk Peninsula, on Banks and Victoria Islands in Alaska, the Alaskan
Coastal Plain, interior Yukon, and the alluvial lowlands of northern Eurasia and Siberia (French
2007). The Tuktoyaktuk Peninsula has a particular high number of thaw lakes, around 10,000.
Thaw lakes are commonly found in groups oriented in the same directions. The best
example of oriented thaw lakes is seen in Point Barrow, Alaska (French 2007). They are also
extensively noted in the Beaufort Sea coastal lowlands, interior Yukon Territory, other parts of
Arctic Canada, and the alluvial coastal lowlands in Northern Siberia (French 2007). The
formation of these lakes is not entirely understood, but several theories have been proposed
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throughout the literature. The first proposed theory for the mechanism of lake orientation was
that lakes were oriented by the power of the prevailing wind direction. This idea was
championed by Carson and Hussey, who proposed that littoral drift reaches maximum at the
corner of lakes, and eroded material is then distributed uniformly along the long axis shorelines
(French 2007). Figure 7 shows the oriented thaw lakes that were the subject of this study (Carson
and Hussey 1962).
Additional prevailing theories on oriented lake morphology include the reaching of an
equilibrium state, open water wind, and regional topography (French 2007). The equilibrium
theory proposes that lakes reach an equilibrium condition based on current operating processes.
These conditions leave the lakes oriented in a similar fashion (Mackay 1963). The second
proposed theory emphasized the importance of seasonal ice cover. French and Harry analyzed
different factors and found that storm wind regime during the summer period of open water
conditions had the strongest connection to lake morphology (French 2007). Most recently, a
connection between regional topography and lake orientation has been championed. This theory
rests on the idea that slumping of lakes bottom occurs at the downslope (lower) end of the lake
basin (French 2007).
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Figure 7. Oriented thaw lakes in Arctic Alaska (Carson and Hussey 1962)
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1.5.4 Permafrost Environment in Illinois

The Pleistocene extent of the Last Glacial Maximum permafrost extent has been mapped
for North America, including the Midwest and Illinois. This extent is displayed in Figure 8. The
main criteria used to map past permafrost is the presence of ice wedges casts. This is supported
by solifluction phenomena, frost stirred sediments, and patterned ground (French and Millar
2014).
Figure 8 suggest that permafrost formed on low relief surfaces, such as floodplains, or the
floors of drained glacial lakes. These were exposed by the retreating Laurentide Ice Sheet. The
presence of ice wedges, and frost mounds (like pingos and mineral palsas) provides evidence that
a cold climate environment (of the necessary -6 to -8 degrees Celsius to produce thermal
contraction cracking) must have persisted long enough to create these landforms (French and
Millar 2014).
Relict permafrost that developed in a climate which no longer exists, but still persists in
certain high-latitude or sub-sea areas. Past permafrost is differentiated by present and relict
permafrost as it does not exist today, and was formed in the Pleistocene era (French and Millar
2014).
Three specific advances in the understanding of the extent of Pleistocene permafrost help aid in
the construction of Figure 8. One is the suggestion of a wider permafrost zone south of the LGM
limit in the Western Cordillera and the Mid Atlantic coastal lowlands than previously inferred.
Secondly, relict permafrost in unglaciated central Alaska and northern Yukon have aided in
reconstructing the presence of past permafrost. Thirdly, evidence suggests even at the
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southernmost extent of deglaciated terrain, that cold climate conditions existed long enough to
create permafrost and the commonly associated features (pingos and ice wedges) (French and
Millar 2014).

Figure 8. Extent of permafrost in North American and associated landforms (French and
Millar 2014)
1.6 Pingos
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1.6.1 Pingo Formation

Pingos are one possible option for the genesis of the SILs in Northern Illinois. The term
“pingo” has Inuit origins, and was first applied to the conical hills of the Mackenzie Delta area of
the Northwest Territories in Canada (Gurney 1998). An example of one of these pingos is shown
in Figure 9. Pingos are “intrapermafrost ice-cored hills, typically conical in shape, that can grow
and persist only in a permafrost environment” (Mackay 1998). As such, pingos are of geologic
interest since their remnants have been described in many modern-day non-permafrost areas of
the world. These remnants are only of the few known ways to prove the former existence of
permafrost.
There are two basic pingo types found in the world. The two are distinguished by their
water source (Mackay 1998); however, both types rely on a pressure system that delivers
groundwater to their core, where the water is subsequently frozen (Gurney 1998). All require the
movement of groundwater and the development of a subsequent ice core (Gurney 1998).
Originally, they were described as “open” and “closed” according to Muller (1959). Recently,
Mackay proposed switching the nomenclature to hydraulic and hydrostatic (Mackay 1998).
Hydraulic system (open) pingos derive their water pressure from a topographic gradient
(Mackay 1998). They are fed by groundwater flowing downstream. This can be either a sub- or
intra- permafrost water source. Because they rely on a topographic gradient, they are only found
in areas with topographic relief. Much of the hydraulic system pingo research has been
conducted in Greenland, where these type of pingos are presumed to be more common due to the
mountainous nature of the area (Gurney 1998). In this scenario, groundwater pressure is
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established by the differences in altitude creating an artesian pressure system. The exact
mechanism for this is unclear, as both the low altitude and high altitude areas probably have
continuous permafrost, which water would struggle to move through. A second source of
groundwater pressure for hydrostatic pingos is probably permanent snow or small glaciers,
which can provide taliks which allow water passage through the subsurface (Gurney 1998). A
third source is hypothesized to be groundwater from fluvial systems that are interconnected and
can sustain many taliks beneath them. This would also allow for permafrost to aggrade into these
subchannel taliks, after they have been abandoned by the fluvial system (Gurney 1998). The
formation and geomorphology of “open” system pingos is much less understood than that of
“closed” system pingos (Gurney 1998).

Figure 9. Hydrostatic pingo (about 150 m diameter) in a drained lake basin, Tuktoyaktuk
Peninsula (Porsild 1938)
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Hydrostatic system (closed) pingos drive their water pressure from pore water expulsion
underneath aggrading permafrost, in saturated sand (Mackay 1998). Essentially, taliks exist
under large lakes which are surrounded by the sides and bottom by permafrost (Gurney 1998).
Catastrophic drainage of the lake will exposed the sub-lake talik to freezing. This drainage
might occur via “coastal recession, or the extension of a drainage channel along an ice-wedge
network which intersects the lake shore” (Mackay, 1979 as cited in Gurney, 1998). Permafrost
slowly encroaches in on the saturated talik sediments, and water is expelled ahead of the freezing
front (Figure 10). This water seeks the path of least resistance (in this case, the area of the
thinnest permafrost), so it moves upward. This creates the pingo dome, and eventually freezes to
the ice core of the pingo (Gurney 1998).The majority of existing pingos are hydrostatic.
Hydrostatic system pingos are fed by groundwater flow from pore water expulsion .This
expulsion is created by permafrost aggradation beneath bottoms of drained lakes underlain by
saturated sands (Mackay 1998). Originally, Muller (1959) and Proslid (1938) both posed a
“closed-system” hypothesis which required a talik under large lakes. This talik was surrounded
on the sides and bottom by permafrost (Gurney 1998). Hydrostatic system pingos are fed by
groundwater flow from pore water expulsion. This expulsion is created by permafrost
aggradation beneath bottoms of drained lakes underlain by saturated sands (Mackay 1998).
Mackay stated the driving mechanism for closed pingo growth was “pore water expulsion from
the downward growth of permafrost…such that the expelled pore water can move as
groundwater flow to a residual pond, the usual site of pingo growth” (Mackay 1998).
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Figure 10. Genesis of a Hydrostatic Pingo (Gurney 1998)
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If pore ice is to grow in place in a closed system with this 9% volume expansion, certain
conditions must be met. Pore ice must separate and uplift many of the soil particles that are in
grain to grain contact with the result of local effective stresses in the freezing zone to approach
zero. In sand environments, there is a negligible amount of pore water at temperatures below 0
degrees C. Therefore, “the pore water in the freezing zone is continuous with the pore water in
the unfrozen zone beneath” (Mackay 1998). The pore water pressure underneath the freezing
zone in a close system will reach that of the total normal stress. This process differs in open
systems. Open systems with freezing and free drainage in at least one direction, will have some
to all of the 9% volume expansion released as groundwater flow. Therefore, the heave of the lake
bottom in an open system will be less than the 9% volume expansion of pore water to pore ice.
Mackay (1998) also reported on various studies that have demonstrated the mechanics of
pore water expulsion. He reported findings from Zhestkova (1982) that determined that as
mineral grains and pore water cool, the first crystals of ice are formed on the surface of the
chilled grains of sand. Then ice grows gradually inward from the sand grains to the pore water in
the inter-grain zone. This process expels pore water as the growing crystals expel water away
from their front of crystallization. He also summarized his own field research from the years of
1978 to 1995, which showed that if lake-bottom heave is minimal as permafrost aggrades
downward, then pore water is expelled to move as groundwater flow beneath the ice-bonded
aggrading permafrost. (Mackay 1998).
Mackay analyzed four steps of pingo growth, development of sub-pingo water lens,
development of pingo ice, establishment of basal area, and finally mechanical failure (after
which the pingo appears as a rampart with interior depression, Figure 11). In the first stage,
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development of a sub-pingo water lens, addition of water to the bottom of the pingo ice will
exceed the downward rate of freezing. This causes the development of a sub-pingo lens of water.
The pressure in this water lens is powerful enough to uplift and deform the pingo ice core “with
its superincumbent frozen overburden”. The hydraulic head is then on top of the pingo because
of this pressure and uplift (Mackay 1998). The second stage of development relies on this subpingo water lens. This stage is the development of pingo ice and occurs when pure ice in pingo
cores growth as a result of downward freezing at the top of the sub pingo water lens. This ice
core is referred to as injection ice, but it is water that has actually injected and then freeze, not
ice. In addition to pore ice, segregation ice can form in the bottom of ice lenses. This occurs in
sub-lake bottom sediment that are fine grained, as these sized sediments are more frost
susceptible (Mackay 1998).

Figure 11. Pingo in decomposition (identified by arrow), about 460 feet in diameter (Porsild
1938)
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1.6.2 Pingo Morphometrics

In order to analyze the genesis of the SILs in Northern Illinois, it is important to
understand the morphometric of pingos and be able to compare them to the morphometrics of
SILs. The two types of pingos (hydraulic and hydrostatic) have comparable, but slightly different
morphometrics.
1.6.2.1 Hydraulic

Hydraulic pingos average 200 meters in basal diameter (Gurney 1998), and are usually
circular or oval in shape. The slope of the pingos’ sides rarely gets greater than 45 degrees,
probably due to slumping from the pingo’s top. The largest hydraulic pingo on record is
“Glacier” Pingo in Greenland. It stands at 38 meters tall, and has a diameter of 350 meters.
Perhaps due to the varying modes of genesis, there can be many different overburden
sediments found on hydraulic pingos. Hydraulic pingos have been described with coarse fluvial
sediments, coarse fluvial sediments interbedded with fine material, micaceous sandstones, and
overburdens of rock (Gurney 1998).
The exact age of hydraulic pingos is not well known. Various researchers (Gurney 1998)
have tried to date hydraulic pingos, and guess that some contemporary ones are a few hundred to
a few thousand years old (Gurney 1998).

1.6.2.2 Hydrostatic
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The size of hydrostatic pingos is correlated to the size of the lake basin in which they
grow. The larger the lake basin, the large the pingo can become. These type of pingos are usually
circular or oval, but some can be elongate. They average basal diameters of about 200 meters,
but can grow up to 600 meters. One of the largest known contemporary pingos is the Ibyuk
Pingo, close to Tuktoyaktuk, Northwest Territories, Canada, which has a height of about 48
meters. In this case, the size of the lake basin is unknown as it has been eroded by marine
flooding and erosion (Gurney 1998). Figure 12 shows an idealized cross section of a hydrostatic
pingo in the Tuktoyaktuk Peninsula (Mackay 1998).

Figure 12. Cross section of a hydrostatic pingo, in the Tuktoyaktuk Peninsula, Northwest
Territories, Canada
Additionally, in the Arctic Coastal Plain of Northern Alaska, Jones et al. (2012) mapped
1247 hydrostatic pingos. They arranged the pingos into three groups based on height; small (2 to
5m), medium (5m to 10m), and large (>10m). They found that these hydrostatic pingos range in
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height between 2-21 meters with a mean height of 4.6 meters (Jones et al. 2012). Sixty nine
percent of the pingos were short, 26% were medium, and 5% were tall. An earlier study also
reported that the tallest pingo mapped in the area was 21 meters (Carter and Galloway 1979, as
cited in Jones et al. 2012).
Jones et al. (2012) also measured the diameter of hydrostatic pingos and found the range
of their pingos to be between 32-295 meters. They classified pingos into three size groups, small
(<100m in diameter), medium (100-200 meters), and large (>200 meters). The mean diameter
was 94 meters, and most pingos classified as “small to medium in size” (less than 200 m) (Jones
et al. 2012). In totality, 61% were small size, 36% medium size, and 3% were large (Jones et al.
2012).The Coastal Plain study also assessed pingo circularity. The mean length to width ratio in
this study was 1.3, which signified that most pingos were circular to slightly elliptical.
Additionally, circularity for the study sample was 0.88 (where 1.0 is a perfect circle). The
circularity range was 0.30 to 0.98 (Jones et al. 2012).
Again, the slope of these pingos rarely is higher than 45 degrees. More commonly the
angle of the pingo slopes is between 34 and 38 degrees, which is very close to the angle of
repose for the sandy sediments that compose these pingos (Gurney 1998).
All of the pingos in at least one study area (Tuktoyaktuk) are composed of Pleistocene
glaciofluvial sands, but can have an overlay of a range of sediments. Till, colluvium derived
from till, morainal deposits, and lacustrine deposits have all been found on top of the Pleistocene
sands. The very top-most sediment is of course lacustrine material, which demonstrates the
existence of these types of pingos in former lake beds (Gurney 1998). Gurney (1998) reported
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that based on various work of J.R. Mackay, these type of pingos in the Tuktoyaktuk Peninsula
were commonly around 1000 years old. This includes the aforementioned Ibyuk, one of the
largest known contemporary pingos.
1.6.3 Pingo Distribution

In 1998, Mackay noted the existence of around 5,000 pingos worldwide in one of the
earliest attempts to catalog pingo distribution. Recently, there have been 6,000 pingos identified
in Asia, and around 3,000 identified in Alaska. The modern day estimate counts 11,000 pingos in
the northern hemisphere (Jones et al. 2012). Pingos have been identified in Alaska, Russia,
Canada, Scandanavia, China, Greenland, and Mongolia (Jones et al. 2012). There are additional
accounts of pingos in Spitsbergen, Antarctica, Siberia, and areas of isolated altitudinal
permafrost (Gurney 1998).
The “type” hydrostatic pingos are noted in the Mackenzie Delta, and Tuktoyaktuk
Peninsula in Canada. Porsild reported that hydrostatic pingos appear in clusters near the alluvial
Mackenzie Delta. Here, he witness that as many as 25 pingos could be seen within a radius of a
few miles (Porsild 1938).The “type” hydraulic pingos are found in Greenland, in areas of high
relief where the altitude allows for water pressure gradients large enough to grow hydraulic
pingos (Gurney 1998).
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1.7 Palsas and Lithalsas

1.7.1 Palsas and Lithalsas Definition

Other important periglacial landforms similar to the SILs in Northern Illinois are palsas
and lithalsas. Palsas and lithalsas are both cryogenic mounds, which until recently were
classified both as “palsas”. Currently, the term palsa is used for “cryogenic mounds covered by
peat that were formed by an accumulation of segregation ice in the discontinuous permafrost
zone” while lithalsas are “similar mounds, but without any peat cover” (Pissart 2002).
The following definition was put forth by Van Everdingen and published in the MultiLanguage glossary of permafrost and related ground-ice terms by the International Permafrost
Association,
“It is proposed therefore that the term “palsa” be restricted to those features where the
internal structure shows the presence of segregated ice and where the environment lacks high
hydraulic potentials, provided that other parameters (size, shape, location in wetlands) are also
satisfied. The term “frost mound” should be used as a non-genetic term to describe the range of
morphologically similar, but genetically different, features that occur in permafrost terrain”.
In his progress report, Pissart used the following definition of palsas; “perennial mounds
covered by peat, situated in the discontinuous permafrost zone and due chiefly to segregation ice
fed by cyrosuction”, and defined lithalsas as “mounds that are palsas with no peat” (Pissart
2002).
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A field of palsas or of lithalsas, indeed, cannot exist without an accumulation of
segregation ice; they cannot be mistaken for pingos, which are always isolated or in groups of
two or three mounds.
1.7.2 Palsas and Lithalsas Morphology

Palsas and lithalsas can be distinguished from pingos based on various morphologic
features. The permafrost plateau can be higher in lithalsas than in palsas. It was reported in a
personal communication from Allard to Pissart that the highest lithalsa permafrost plateau he had
measured was 7 meters (Pissart 2002). One rare example of the compositions of lithalsas comes
from studies in the Yukon by Pissart et al. (1998). These lithalsas were described as commonly
having mineral lacustrine sediments of very low density, which act as an insulating layer. These
sediments acted as peat usually would have, which allowed the birth of this lithalsa where the
mean annual temp is too high for the growth of normal lithalsas in clayey silts (Pissart 2002).
In the Hautes-Fagnes region of Belgium, fossil lithalsas generally have a perfect circular
or oval shape, although a few are elongated (Pissart 2011). Certain lithalsas also looked to be in
jointed circular forms (ie groups of lithalsas that have “coalesced”). Average lithalsa diameters
in the Hautes-Fagnes study site were 80 meters, whereas lithalsas in the Hudson Bay area range
from a few to 70 meters in diameter. Hudson Bay lithalsas were “gentle topographic features”,
with summits that were relatively horizontal or slightly domed. Their height again, did not
exceed 7 meters. The ramparts of the Hautes-Fagnes region can extend up to 4 meters above the
surface, and when peat is present its depth can range from 1 to 7.5 meters (Pissart al 2011).
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Fabrice Calmels initiated the study of lithalsas in the Northern Quebec region with his
doctoral dissertation (Calmels 2005). The researched was continued by Pissart et al. (2011).
Their study focused on a single lithalsa, which was 50 meters in diameter and 3.5 meters high. Its
slopes were also gentle, with relatively steep slopes only found on the outer 10 meters of the
lithalsa (Pissart et al. 2011). This lithalsa is feature in Figure 13, and is surrounded by a field of
lithalsas, characterized by dark edges and lighter colored interiors.

Figure 13. Lithalsa study site in the Hudson Bay area (Pissart et al. 2011)
1.7.3 Palsa and Lithalsa Genesis

Palsas and lithalsas have similar formation processes; their main differences have to do
with the effects of peat in palsas. Palsas are formed by segregation ice fed at depth by
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cyrosuction. Therefore, their growth is accepted as being initiated by water moving from an
unfrozen talik to the freezing front. More recently, researchers have observed aggradation ice, or
ice lenses, playing a role in palsa/lithalsa growth as well (Pissart 2002). Allard et al. (1996)
acknowledged the presence of aggradation ice in a palsa and hypothesized that the ice lenses had
formed in the lower part of the active layer and been incorporated into the permafrost. This led to
the conclusions that although segregation ice is the initial formation factor of palsas and lithalsas,
subsequent growth may be due to aggradation ice adding to the permafrost core (Pissart 2002).
Additionally, Allard et al. (1996) showed that cyrosuction is not only fed by water underneath
the mound, but also by percolating meteoric (derived from snow or rainfall) water near the
surface.
The presence of aggradation ice has been thus accepted by various observations, and is
accepted to be the cause for the ice present in the upper part of the permafrost table (Pissart
2002). This aggradation ice layer formed progressively after the first heaving of the plateau, after
which mounds grow by both segregation ice at depth, and surficial growth of aggradation ice
(Pissart 2002). One important item to note on the formation of aggradational ice is that it can
only form when the active layer of a palsa area is larger than that of the peat layer (Pissart 2002).
This is to say that a particularly insulated palsa would not be able to grow by aggradational ice.
The following scheme (Figure 14) has been posed by Calmels et al. (2008) for the
formation and decay of a lithalsas the authors studied in Northern Quebec.
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Figure 14. Lithalsa formation and decay (Calmels et al. 2008). A-D depict the speculated stages
of formation, while E-H shows the phases of decay.
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1.8 Overall Landform Comparison

There will be three landforms that will be tested against SILs in this study, IWLPs,
pingos, and lithalsas. Pingos and lithalsas both differ from IWLPs in that they are formed in a
periglacial environment. Although both periglacial, lithalsas and pingos differ in their mode of
genesis. Lithalsas are often found in marshy areas and depend on segregation ice to form. Pingos
have two modes of genesis (hydraulic and hydrostatic) both of which depend on intrusive ice to
begin formation. Both hydraulic and hydrostatic pingos average 200 m in diameter (Gurney
1998). Lithalsas have found to range from 2-400 meters worldwide, but are smaller than pingos
on average (Wunnemann et al. 2008). Additionally, pingos are taller than lithalsas. Pingos have a
maxiumum height of 48m (hydrostatic) and 38 m (hydraulic) (Gurney 1998). Lithalsas have been
reported to have a maximum height of only 7 m (Pissart 2002).
IWLPs are formed in a glacial environment. Curry et al. (2010) found the IWLPs of
Northern Illinois to have an average height of 4 m, with a maximum of 9 m. Allred et al. (2014)
analyzed IWLPs in DeKalb County and found an average perimeter of 1039 m. IWLPs can also
be identified by the presence of lacustrine sediment, which would not be present in either a
lithalsa or pingo.

CHAPTER 2. STUDY AREA DESCRIPTION

2.1 DeKalb County Physical Geography

DeKalb County is located in north-central Illinois and spans 405,920 acres (Deniger 2004).
The county was impacted by the Wisconsin Glaciation, and consists of till plains, outwash
plains, floods plains, moraines, terraces, and bogs (Deniger 2004). The Bloomington Moraine
runs throughout the north and west portions of the county. The Arlington, Shabbona, and
Mendota Moraines all run from the southwest to the east central part of the county. The Elburn
Complex and Farm Ridge Moraine runs through the southeast. These, and the other end moraines
of the Wisconsin Glacial Episode, are depicted in Figure 15. Elevation generally ranges from
about 700 to 950 feet above sea level; the lowest and highest points are 650 and 990 feet above
sea level, respectively (Deniger 2004). Slopes range from 0-18 percent (Deniger 2004).
The most recent glaciation directly or indirectly provided the parent materials of DeKalb
county soils. Parent materials include till, loess, outwash, alluvium, glaciolacustrine, and organic
deposits (Deniger 2004). The quaternary deposits map of Illinois is depicted in Figure 16. Most
of the county is covered by loess, and underlain by Wisconsin age diamicton. The sediments
deposited by the Wisconsin glaciation are organized by age and have been given different names
based on region and chronology.
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Figure 15. End Moraines of the Wisconsin Glacial Episode, in Illinois (ISGS)
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The two largest groupings of sediments are the Wedron and Mason Groups. The Wedron
group is defined as “the till and ice-marginal deposits, mainly diamicton” (Hansel and Johnson
1996), and the Mason group as “proglacial sorted sediment deposits, mainly loess, eolian sand,
lake sediment, and outwash”. The Wedron group is divided into different formations of till based
on age, and includes the Tiskilwa till formation which is found in Northern DeKalb County. It
was deposited between 26,000 to 18,500 years ago, and can be readily recognized by its pinkish
tint. It often classifies as loam or clay loam (Hansel and Johnson 1996).
Again, this general region is divided into smaller sections. Most of DeKalb County falls
into section 108A-Illinois and Iowa Deep Loess and Drift (Eastern Region). This section is
depicted in violet in Figure 17. The Illinois portion of this section is found entirely in the Central
Lowlands Division of Illinois. In general, the area is geologically young and composed of rolling
hills and till plains with limited topography. One of the most unique features is the quantity of
moraines which run as ridged hills throughout the region. The area also has broad floodplains
that create stream terraces. Importantly, the entire region is covered by Wisconsin aged drift
(except where eroded near streams/rivers). The drift is composed of both till units, and sorted
outwashes. Underlying the drift is Pennsylvanian shale, siltstone and limestone in the southern
portion of the section, and Ordovician and Silurian limestone in the extreme northern portion of
the section. The soils in 108A are largely Mollisols and Alfisols, which helps explain the fact
that 80% of the area is in cropland. Specifically, the majority of soils are either Udolls or
Aquolls. All soils have a mesic soil temperature regime, most have mixed mineralogy, and all are
either udic or aquic moisture regimes. The soils range from moderately well to very poorly
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drained, and from moderately to very deep. The high quantity of loess and till makes most of the
soils in 108A are silty or clayey (USDA).
2.2 Study Site Soil Survey
The present day soil survey acknowledges three different soil series in the transect that was
sampled for this study. Figure 18 depicts the soil survey map at this site. As this figure
represents, the rims of the IWLP have been mapped as unit 667, or the Kaneville series. Slope
designations of A, B, and C were mapped with the Kaneville series. These slopes respectively
are 0-2 degrees, 2-5 degrees, and 5-10 degrees. The smallest slope (A) was seen on the interior
rim of the IWLP. The soil survey has the exterior rims having greater slopes, anywhere from 210 degrees (WSS).
The three soil series’ mapped in this study area, and their correlating parent materials are
shown in Table 1. The table shows that there is no lacustrine sediment mapped in any of the three
soil series. This shows a need for a more detailed soil survey effort, as the soils are known to be
located on an IWLP.
The Kaneville soil series is typically mapped on the summits of outwash plains and
stream terraces (Table 2). The Kaneville soil is classified as a fine-silty, mixed, superactive,
mesic, Mollic Oxyaquic Hapludalf (Soil Survey Staff, 2015). It is moderately well drained (Soil
Survey Staff, 2015), and commonly has redoxmorphic features within 24-42 inches (Soil Survey
Staff, 2015). Its parent material is “loess or other silty material and… the underlying loamy
stratified outwash” (Soil Survey Staff, 2015). The 667B map unit is not hydric. It is still ranked
as prime farmland due to its relatively thick and fertile A horizon.
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Figure 16. Quaternary Deposits of Illinois (ISGS)
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Figure 17. USDA MLRA Region M in pink, Region 108(A) in violet (USDA-NRCS)
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Figure 18. Soil Survey at Study Site, (88°47'43.021"W 41°55'11.144"N, Sec 28, SE
DeKalb Quad, R4 T40)
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Table 1. Map Unit Legend For Figure 18 (Soil Survey) (USDA)
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Table 2. Soil Map Unit and Parent Material Depths
Soil Map Unit
Parent Material(s)/Depth (cm)
Kaneville (667)
Loess (0-107)
Outwash (107-203)
Drummer (152)
Loess (0-104)
Outwash (104-152)
Elburn (198)
Loess (0-125)
Outwash (125-158)

The inner most portion of the lake of study was mapped as 152A, Drummer silty clay
loam. The Drummer soil is described as a fine-silty, mixed, superactive, mesic Typic
Endoaquoll. The Drummer soil is formed in loess or other silty material, and the underlying
loamy and stratified outwash. They are mapped on either outwash plains, stream terraces, or till
plains (Table 2). Redoximorphic features are seen anywhere from 36-152 cm, and the soil is
mapped as poorly drained (Soil Survey Staff 2015).
The crested landform itself was mapped by the USDA as an Elburn silt loam, 198A. This
soil is mapped on outwash plains and stream terraces, on summits and footslopes. Its parent
material is loess over loamy stratified outwash (Table 2). The Elburn series is classified as a finesilty, mixed, superactive, mesic Aquic Argiudoll. The depth to water table is mapped as 12-24
inches from the surface (Soil Survey Staff 2015).
Table 3. Soil series and related landform, landscape position, parent material, drainage class, and native
vegetation
Soil Series
Landform
Landscape
Parent
Drainage
Native
Position
Material
Class
Vegetation
Drummer
Outwash Plains Toeslopes
Loess or silty
Poorly Drained Hydrophytic
(152A)
and Ground
material and
grasses,
Moraines
the underlying
reeds,
outwash
sedges
Elburn (198A) Outwash Plains Summits and
Loess over
Somewhat
Prairie
and Stream
Footslopes
stratified
Poorly Drained Grasses
Terraces
loamy outwash
Kaneville
Outwash Plains Summits and
Loess and
Moderately
Mixed
(667B)
and Stream
Backslopes
underlying
Well Drained
grasses and
Terraces
outwash
trees

CHAPTER 3. METHODS

3.1 Data Sources

The superimposed landforms (SILs) in DeKalb, Kane, and Ogle counties were first
identified using aerial photographs provided by the Illinois Geospatial Data Clearinghouse and
the USDA-NRCS Geospatial Data Gateway. These photographs were put into ArcGIS ArcMap
and superimposed landforms were identified as landforms within IWLPs that had circular, lightcolored rims, with darker interiors. Seventy two of these landforms were identified and polygons
were within DeKalb, Kane, and Ogle counties.
After this layer was created, several tools within ArcGIS were used to calculate the
morphometrics of the landforms. The measurement tool was used to gather area and perimeter.
The Minimum Bounding Geometry (MBG) tool was used to create rectangles and circles of
closest fit on the polygons drawn over SILs. MBG rectangles were used to determine length,
width, and orientation. MBG circles were used to determine diameter. Circularity was
determined using area and perimeter, following the equation discussed in the below data
dictionary.
Ice Walled Lake Plain data was retrieved from Kory Allred at Northern Illinois University,
who used the data in Allred et al. 2014. This data was retrieved via shapefile, which included
values of length, width, L/W, perimeter and orientation. The geographic extent of this dataset
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was DeKalb County Illinois, where 443 IWLPs were mapped. The size and shape data gathered
by this study was used in comparison to the size and shape data of SILs. This provided vital
information in testing the glacial (IWLP) hypothesis of SIL genesis.
Pingo data was retrieved from Ben Jones at the USGS- Alaska, who used the data in
Jones et al. (2012). This study was focused on the Western Arctic Coastal Plain, in Northern
Alaska. The datatset used Interferometric Synthetic Aperture Radar (lfSAR) to assess the
morphometry and distribution of pingos in that area. The dataset only counted landforms that
were greater than 2 m in height as pingos, and had a total sample size of 1247. This dataset
included area, perimeter, length, width, L/W, circularity, and other information which was not
specifically used in comparison to SILs. The pingo variables collected by Jones et al. (2012)
were compared against the SIL morphometries to test the periglacial (pingo) hypothesis of SIL
genesis.
3.2 Statistical Methods
Firstly, a test of normality was performed to analyze whether or not the datasets were
normally distributed. This was done using the Shapiro-Wilk test. This test provides a statistic,
with a value of 0.05 or greater indicating normality, and less than 0.05 indicating a non-normal
population distribution. This was important to run as it shows that the datasets can be compared
to each other, and have tests and analyses run without needing transformation.
Secondly, descriptive statistics were run on all variables of both datasets. This provided
the mean, minimum, maximum, and standard deviation for each variable. In addition to this,
distribution statistics were run on each variable, which provided skewness, and kurtosis values
and their standard error. These statistics were important to gathers means and ranges of
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landforms morphometries. These values were also used to test whether the morphometries of
landforms were similar to each, based on their means and standard deviations.
Thirdly, tests of correlations were performed between variables in the superimposed
landform dataset. Correlation is used as a test of relationship between two variables to measure
two things; direction and strength. For example, a correlation of -0.5 shows a weak, negative
correlation between two variables. The specific correlation tests that were run were bivariate
correlation tests, using Pearson’s correlation coefficients. The Fisher’s Transform was also used
to test significant between two samples’ correlations. The correlation tests were used in this
study to compared the strength between the relationship of two variables in a dataset. One
underlying assumption of running the correlation analysis is that the similar morphometrics
correlations are generated by similar processes.
The statistical software used to run the analyses was IBM SPSS Statistics 20 Data Editor.
SPSS was also used to create tables of distribution and descriptive statistics. Microsoft Excel was
used to produce the charts and graphs that are presented in this study.
3.3 Coring
Initially, IWLPs were chosen based on ArcGIS, Digital Elevation Models, and aerial
photographs. Since the chosen IWLPs were not outcrops, the only way to sample was through
coring. One IWLP with several SILs was chosen for coring. This location was chosen due to the
presence of the SILs and previous communication with the landowner. Cores were taken via a
truck mounted Giddings Probe. They were then placed in 2 inch diameters PVC trays. Cores
were wrapped in plastic (to ensure moisture) and labelled in the field. The cores, (F1-F12), were
taken in October 2014.
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The location of each core was noted using GPS, and locations and labels were transferred
to ArcGIS.
3.4 Description
Soil Core descriptions were done using the Field Book for Describing and Sampling Soils
(Version 3.0, Schoeneberger al 2012). The collected cores were described in 2 inch diameter
trays. Horizons and geologic materials were separated by color, redoxmorphic features, texture,
sedimentology, and structure.
After descriptions were performed, the soils were classified using the Keys to Soil
Taxonomy (11th edition, Soil Survey Staff 2011). Soils were classified down to subgroup levels.
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CHAPTER 4. RESULTS AND DISCUSSIONS

4.1 Mapped SILs

In totality, 72 SILs were mapped across DeKalb, Kane, and Ogle Counties. All SILs
occupied IWLP basins, and several IWLPs had more than one SIL mapped within them. The 72
SILs were identified in about 30 IWLPs. Figure 19 displays the geographic extent of the SILs
mapped. This shows that the SILs are all in areas all covered by the Wisconsin glaciation. The
majority of the SILs are located in the intra-moraine area between the Bloomington and
Arlington Moraines. Both IWLPs and SILs are identified by lighter colored exterior rims, and
darker interiors. On average, the SILs were about one foot above the surrounding IWLP, which
ranged anywhere from 1-9 m above the surrounding till plain.
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N

Ogle County

Kane County

DeKalb County

Figure 19. Geographic Extent of SILs in Study Area
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4.2 Tests for Normality

The Shapiro-Wilk test was performed to analyze the data for normality. This test is best
suited for small datasets (under 50), but can be safely used for sets of up to 2000. The test returns
a value, and the dataset is determined to be normal if that value is above 0.05 (Shapiro and Wilk,
1965, Shapiro et al. 1968). As displayed in Table 3 all of the variables had Shapiro-Wilk’s values
that were greater than 0.05. This communicates that the all the variables were indeed normally
distributed, and t-tests could be performed.
Table 4. Tests of Normality
Kolmogorov-Smirnova
Statistic
Circularity
Perimeter (m)
Area (m²)
Diameter (m)
Width (m)
Length (m)
Orientation
L/W

.113
.139
.206
.134
.131
.123
.074
.125

df

Sig.
72
72
72
72
72
72
72
72

.023
.001
.000
.003
.004
.009
.200*
.007

Shapiro-Wilk
Statistic
.890
.919
.816
.914
.940
.911
.954
.913

df

Sig.
72
72
72
72
72
72
72
72

.000
.000
.000
.000
.002
.000
.010
.000

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

This analysis was also used to test for normality in the IWLP and Pingo datasets. Both
datasets showed normal distribution within all variables, so no transformation was needed on any
data presented in this study.
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4.3 Superimposed Landform Morphometrics

4.3.1 Descriptive Statistics

Size measurements were compiled for superimposed landforms in order to make
comparisons to morphometrics known for IWLPs in the area (Allred et al. 2014), and modern
periglacial landforms in the Arctic (Jones et al. 2012, Wolfe et al. 2014, Gurney and Worsley
1997). ArcGIS was able to collect information for area, perimeter, length, width, diameter,
Length/Width (L/W), circularity and orientation for the superimposed landform dataset. Then,
SPSS software was used to collect descriptive statistics on the data. The ranges and means of
these measurements for superimposed landforms are displayed in Table 4.
Perimeter values ranged from 176.4 to 878.5 meters (m) had a mean of 397.7 m. Area
ranged from 1960.5 to 44186.1 m², with a mean of 11896.3 m². The diameter ranged from 66.9
to 340.8 m, and had a mean value of 145.3 m. The length ranged from 59.7 to 335.7 m, with a
mean value of 137.6 meters (m). Width ranged from 37.4 to 219.3 m, and had a mean of 101 m.
The circularity mean was 0.84 which evidenced that superimposed landforms are relatively
circular, as a value of 1 represents a perfect circle, and ranged from 0.47 to 0.96. Orientation
values had a mean of 78.7°, with a range of 0 to 179°, and L/W ratios had a mean of 1.38, with a
range of 1.01 to 2.18.
Standard deviations, skewness and kurtosis were analyzed and are displayed in Table 5.
Area, diameter, length, and circularity had skewness values greater than one. This demonstrates
that the values of these variables were positively skewed. Area was the most strongly skewed

56

(1.713), and was skewed positively. Diameter and length were less strongly skewed than area, at
1.140 and 1.226, respectively. Comparatively, circularity had a skewness value of -1.449, and
thus was negatively skewed.
Table 5. Descriptive Statistics-SILs
N
Perimeter (m)
Area (m²)
Diameter (m)
Width (m)
Length (m)
L/W
Circularity
Orientation (°)
Valid N (listwise)

Minimum
72
72
72
72
72
72
72
72
72

176.46
1960.53
66.92
37.42
59.76
1.01
.48
.00

Maximum

Mean

878.52
44186.16
340.88
219.32
335.73
2.19
.97
179.11

Std. Deviation

397.73
11896.30
145.32
101.09
137.66
1.38
.85
78.77

156.00
9244.42
58.20
38.94
56.09
.30
.09
51.89

Table 6. Distribution Statistics- SILs

Perimeter (m)
Area (m²)
Diameter (m)
Width (m)
Length (m)
L/W
Circularity
Orientation (°)
Valid N (listwise)

N

Mean

Std.
Deviation

Statistic

Statistic

Statistic

72
72
72
72
72
72
72
72
72

397.73
11896.30
145.32
101.09
137.66
1.38
.85
78.77

156.00
9244.42
58.20
38.94
56.09
.30
.093
51.89

Skewness
Statistic
1.018
1.713
1.140
.931
1.226
.886
-1.449
.231

Kurtosis

Std.
Error
.283
.283
.283
.283
.283
.283
.283
.283

Statistic
.764
2.776
1.345
.756
1.815
.044
2.957
-.924

Std.
Error
.559
.559
.559
.559
.559
.559
.559
.559

The Kurtosis value varied across the variables. Area, diameter, length, and circularity all
had positive (above zero) kurtosis values. This communicates a “peaky” distribution, one that is
higher than a perfect normal distribution. Orientation was the only variable that had a kurtosis
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value of less than 0. This indicates that the distribution of orientation values was “flatter” than a
normal distribution.

4.4 Superimposed Landforms and IWLP Morphometrics Comparisons

A dataset of IWLPs collected by Allred et al. (2014) was used as the first comparison to
SILs. This dataset provided data on length, width, perimeter, and orientation. For that reason,
only these four values were taken from the SIL dataset for comparison against IWLPs.
The descriptive statistics of IWLPs are depicted in Table 6 and showed a range in
perimeter of 54.0 to 8272.5 m, length range of 17.1 to 3690.0 m, range in width of 17.1 to 1808.0
m, range in L/W ratio of 1 to 8.76, and range in orientation of 0 to 179°. The IWLPs had a mean
perimeter of 1039.2 m, mean length of 395.5 m, mean width of 255.8 m, mean L/W ratio of 1.59,
and mean orientation was 91°.
Unlike the output from the superimposed landforms, all of the variables of the IWLPs
had positive skewness values (Table 7). This means that all variables were slightly skewed to the
right. The kurtosis values for perimeter, length, width, and L/W ratio were all positive. These
variables have peaky distribution curves. Orientations had a negative kurtosis value, again
demonstrating a flatter distribution than the normal distribution curve.
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Table 7. Descriptive Statistics- IWLPs
N
Perimeter
Length
Width
L/W
Orientation
Valid N
(listwise)

Minimum Maximum
443
443
443
443
443

54.02
17.20
17.20
1.00
.00

Mean

8272.76
3690.05
1808.10
8.76
179.72

1039.27
395.55
255.84
1.60
91.21

Std. Deviation
1007.82
396.00
244.70
.61
45.70

443

Table 8. Distribution Statistics- IWLPs

Perimeter (m)
Length (m)
Width (m)
L/W
Orientation (°)
Valid N
(listwise)

N

Mean

Std.
Deviation

Statistic

Statistic

Statistic

443
443
443
443
443

1039.27
395.55
255.84
1.60
91.21

1007.82
396.00
244.70
.61
45.70

Skewness
Statistic
3.250
3.561
2.953
5.322
.133

Kurtosis

Std.
Error
.116
.116
.116
.116
.116

Statistic
14.960
19.058
11.792
49.289
-.841

Std.
Error
.231
.231
.231
.231
.231

443

I analyzed the difference of means and standard deviations between the two datasets. I
did not have information on area or circularity of the IWLPs, so analysis was only performed on
length, width, perimeter, L/W ratio, and orientation. These five variables for SILs are presented
in Table 8.
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Table 9. Descriptive Statistics-SILs
N

Minimum

Maximum

Mean

Std. Deviation

Perimeter (m)

72

176.46

878.52

397.73

156.00

Width (m)

72

37.42

219.32

101.09

38.94

Length (m)

72

59.76

335.73

137.66

56.09

Orientation (°)

72

.00

179.11

78.77

51.89

L/W

72

1.01

2.19

1.38

.30

Valid N (listwise)

72

The mean length, perimeter, width, and L/W of SIL/IWLP are displayed in Table 9. As
shown, the mean length of IWLPs was 2.87 times that of the mean length of superimposed
landforms. The mean perimeter of IWLPs was also larger than that of superimposed landforms,
at 2.61 times greater. The mean width of IWLPs was larger than that of superimposed landforms
by an order of 2.53. The standard deviations between the two datasets were very different. In the
IWLP data for both length and perimeter, the standard deviation was almost identical to the mean
value. However, the superimposed landforms had standard deviations that were less than half the
sample mean (0.39 for perimeter, 0.38 for width, and 0.40 for length). This shows that the
superimposed landforms were much more tightly distributed, and the IWLPs data had a wide
distribution about the mean.
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Table 10. SIL Compared to IWLP
Perimeters
Compared Mean

2.613027

SIL Standard Deviation Compared to Mean
IWLP Standard Deviation Compared to Mean
Widths
Compared Mean
SIL Standard Deviation Compared to Mean
IWLP Standard Deviation Compared to Mean
Lengths
Compared Mean

0.3922
0.969734

2.873337

SIL Standard Deviation Compared to Mean

0.407456

IWLP Standard Deviation Compared to Mean

1.001115

L/W
Compared Mean
SIL Standard Deviation Compared to Mean
IWLP Standard Deviation Compared to Mean

1.15442
0.213571
0.379284

2.530793
0.385191
0.956449

The literature on IWLPs in Northern Illinois has demonstrated a negative correlation between
size (perimeter) and orientation (Allred et al. 2014). To test whether or not SILs fit this pattern,
correlations of perimeter and orientation, and length and orientation were performed. In both
scenarios, there was a negative correlation between the two variables within the IWLP dataset.
The SIL dataset had a positive correlation in both cases. The correlation in the superimposed
landform dataset between perimeter and orientation was 0.042, and between length and
orientation was 0.823 (Table 10). The correlation in the IWLP dataset between both length and
perimeter, and orientation was -0.152 (Table 11). The superimposed landform correlation of both
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tests was too small to be significant at the 0.01 level. However, the IWLP correlations were
statistically significant. These tests show that IWLPs became less straight N/S oriented as their
size increased.
Table 11. SIL Correlations
Perimeter
Pearson Correlation

Length
.970**

.042

.000

.729

72

72

72

.970**

1

.027

1

Sig. (2-tailed)

Perimeter (m)

N
Pearson Correlation
Length (m)

Sig. (2-tailed)
N

Orientation (°)

Orientation

.000

.823

72

72

72

Pearson Correlation

.042

.027

1

Sig. (2-tailed)

.729

.823

72

72

N

72

**. Correlation is significant at the 0.01 level (2-tailed).
Table 12. IWLP Correlations
Perimeter

Length

-.152**

.000

.001

443

443

443

Pearson Correlation
Sig. (2-tailed)
N

.992**
.000
443

1
443

-.152**
.001
443

Pearson Correlation

**

-.152**

1

Sig. (2-tailed)

.001

.001

N

443

443

Pearson Correlation

1

Perimeter (m) Sig. (2-tailed)
N
Length (m)

Orientation
(°)

Orientation
**

-.152

.992

443

**. Correlation is significant at the 0.01 level (2-tailed).

Due to the difference in statistical significance between the correlations of the two datasets, it
was concluded that the two types of landforms are not related. The correlation values of
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perimeter, length, and orientation in IWLPs is both statistically significant, and of a different
direction (positive vs negative) than the superimposed landform correlation values. It should be
noted that the sample sizes are quite different (72 for SILs, and 443 for IWLPs); the IWLP
sample size being around 10 ten times larger than the superimposed landform dataset. For this
reason, part of the difference in the strength of correlation could just be a product of the
differences in sample size.
Overall, the morphometrics of the two datasets do not appear to be related. The length, width,
and perimeter of the two datasets are significantly different from each other. The means of these
three values in the IWLP dataset were an order of magnitude greater than in the superimposed
landforms dataset. Additionally, the standard deviations between these and other variables were
vastly different between the two sets. This suggests that the superimposed landforms are not Ice
Walled Lake Plains. The stratigraphy (discussed later) also shows that they are not IWLPs within
IWLPs.
4.5 Superimposed Landforms and Lithalsa Morphometrics Comparisons

Raw data of lithalsas morphometrics was not collected, instead varying ranges were noted
from the literature and compared to superimposed landforms. Table 12 shows the ranges in
widths of lithalsas that have been noted in previous research. The superimposed landforms were
larger than lithalsas. From the information in Table 12, a mean width of about 40m has been
recorded with worldwide lithalsas. This is significantly different than the mean width of 255m
that was found in superimposed landforms during this study. This lays beyond three standard
deviations of the mean width of superimposed landforms. In four of the five studies displayed
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below, there were lithalsas that ranged as small as 2m. The smallest landform in the present
dataset was 35m, much larger than the smallest reported in these four studies.
Table 13. Lithalsa Sites and Widths (Adapted
from Wolfe et al. 2014)
Site/Study

Width

Great Slave Lowlands, NWT (Wolfe et al. 2014)

10-120m

Fox Lake, YT (Harris 1993,1998)

10-50m

Eastern Shore, Hudson Bay, QC (Calmels et al.

40-50m

2008, Vallee and Payette 2007, Fortier and AubeMaurice 2008)
Akkol-Valley, Russian Altai Mountains (Iwahana

10-50m

et al. 2012)
Tso Kar Basin, Ladakha, India (Wunnemann et al.

2-400m

2008)

The height of landforms is commonly used as a descriptive and comparative tool
throughout periglacial research. In this study, the heights of SILs were gathered using ArcGIS
and LiDAR data for DeKalb County (1ft resolution). Because the LiDAR at this fine-scale
resolution was only available for DeKalb County, only the SILs in that county could be
measured height. This brought the sample size down from 72 to 56. The SILs in this study were
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Height v Width (m)
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Figure 20. SIL Height v Width
of very low relief (much like the IWLPs themselves). Curry et al. (2010) noted that the
IWLPs in Northern Illinois were on the low relief end of IWLPs. This is due to the thinness of
the Wisconsin Age glacial ice in Northern Illinois, compared other places such as Wisconsin,
Minnesota, and the Dakotas where higher relief IWLPs have been mapped. The general low
relief of the area, thinness of the ice, and limited time of permafrost existence are probably why
the SILs are also of very low relief. This made it difficult to acquire accurate height
measurements. However, the data was obtained for 52 of the possible 56 landforms, and graphed
in contrast to width. Figure 20 shows the linear relationship between height and width. There is
no statistical significance between the two, as the R2 value is 0.094.
In contrast, a study by Wolfe et al. showed a statistically significant relationship between
height and width of Lithalsas in the Northwest Territories. Figure 21 shows that graph of height
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v width, and the linear relationship between the two values. Their test proved significant, with an
R2 value of 0.91.
Although the results of these two analyses are dramatically different, the SIL dataset is likely
inaccurate due to the very low relief of the objects and difficulty in getting reliable height
information.

Figure 21. Height v Width for lithalsas in Canada (Wolfe et al. 2014)
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4.6 Superimposed Landforms and Pingo Morphometrics Comparisons

Pingo morphometrics have most closely been analyzed in the Western Arctic Coast of
Alaska, where there are more than 1000, mostly closed system, pingos (Jones et al. 2012). This
was the study from which a raw dataset was obtained, and from which statistical tests were run.
Basic size morphometrics of SILs are very close to those of pingo sizes. Table 13 depicts the
descriptive statsitics of the pingos in the study by Jones et al. (2012). The study had a recorded
average length of 114 m, and average width of 82 m. SILs had an average length of 137 m, and
width of 101m. The standard deviation for these were 39m and 56m, respectively. This puts the
pingo lengths and widths within one standard deviation of the SIL values. Area for SILs
averaged at 11,896 m, with a standard deviation of 9244 m. Area for pingos (Jones et al. 2012)
averaged 7976 m, again within one standard deviation of the SIL mean. Additionally, a study by
Gurney and Worsley (1997) found a range in pingo diameters of 35-300m. The heights and
diameters that they noted in their study are presented in Table 14. The range of SIL diameters
was 66-340 meters.
Circularity values for SILs averaged 0.85. As a comparison, pingo circularity were found to
be 0.88 in Northern Alaska (Jones et al. 2012). This value falls within one standard deviation of
the distribution of SIL circularity (.092). This communicates that both landforms are very
circular, and could have a similar genesis.
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Table 14. Pingo Descriptive Statistics
N

Minimum

Maximum

Mean

Std. Deviation

Area (m2)

1247

775

68525

7976.68

7076.81

Length (m)

1247

30.00

599.15

114.50

57.49

Width (m)

1247

30.00

250.00

82.26

29.77

L/W

1247

1.00

5.13

1.340

.43

Circularity

1247

.17

.73

.57

.07

Height (m)

1247

1.95

21.11

4.62

2.49

Valid N (listwise)

1247
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Table 15. Pingo Size adapted from Gurney and Worsley 1997
Pingo Name

Max Height (m)/Diameter (m)

A

3/52

B

5/16

C

7/190

D

8/128

E

6/300

F

12/150

G

8/120

H

4/80

J

7/160

K

13/300

L

4/150

M

2/145

N

3/107

P

2/60

Q

3/70

R

2/40

S

5/50

T

1/35
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One table from Jones et al. (2012) which includes distributions of pingo diameter, height,
and circularity is adapted below (Table 15). This table shows that pingos tend to be small
(<100m), short (2-5m), and circular (>0.9). I replicated this table for the study of SILs. As seen
in Table 16, the SILs tend to be larger than the pingos, with the majority (61%) falling in the
medium category, shorter (with 100% shorter than 2 m) and slightly less circular (64% were
between 0.6 and 0.8).

Table 16. Pingo Morphometrics from Jones et al. 2012
Variable

Pingo Characteristics

Number of Pingos

% of Pingos

Basal Diameter

Small (<100 m)

760

61

Medium (100 - 200m)

445

36

Large (>200m)

42

3

Short (2 -5 m)

862

69

Medium (5 - 10 m)

328

26

Tall (> 10 meters)

57

5

Circular (>0.9)

704

56

Intermediate (0.6 - 0.9)

514

41

Elongate (<0.6)

29

2

Height

Circularity

______________________________________________________________________________
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Table 17. SIL Morphometrics
Variable

SIL Characteristic

Number of

% of SILs

SILs
Diameter

Height

Small (<100 m)

16

22

Medium (100 to 200 m)

44

61

Large (>200 m)

12

17

52

100

Circular (>0.9)

25

35

Intermediate (0.6 to 0.9)

46

64

Elongate (<0.6)

1

1

Short (2 -5 m)
Medium (5 - 10 m)
Tall (> 10 meters)

Circularity
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Figure 22 depicts that lakes that were larger had a greater number of superimposed
landforms. Additionally, Figure 23 shows that my study depicted a general increase in size of
superimposed landforms, with an increase in size of the lake basin. This coincides with the
findings of Jones et al. (2012) who saw that “In general, as the maximum basin diameter
increases so does the pingo diameter. Thus, the larger pingos tend to be found in the larger
drained basins.” Jones et al. (2012) also noted that lake basins must be at least four times the size
of pingos in order to provide proper amount of volumetric pore water. The pingos studied in
Jones et al. (2012) passed this test. This comparison was analyzed for SILs, and is displayed in
Table 17. Every basin and superimposed landform this study passed this test, aside from one.
Basin/IWLP 131 was only about 2.5 times larger than the two superimposed landforms inside of
it. It is possible that the landforms in this lake basin could be of a different origin than the others
in this study. The average basin in this study was 10.68 times greater in diameter than the SIL
inside of it-which is more than enough volume for the creation of hydraulic pingos.
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Figure 22. Basin diameter v Number of SILs
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Table 18. Basin to SIL Size
Basin ID

Ratio of Basin Size to Average Superimposed Landform
Size
28.35
77
100

11.12

101

5.97

102

7.61

116

9.65

117

7.29

123

7.41

131

2.53

139

7.55

142

8.25

184

9.10

243

30.25

299

7.11

300

6.05

358

9.77

408

11.90

410

5.65

444

19.19

445

5.40

446

13.59
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Of particular interest was the relationship between size and circularity values. These
correlations have been analyzed in a research study of pingos (Jones et al. 2012), and it was of
interest to see how SIL values might compare to those of pingos. The pingo researchers found a
negative correlation between area and circularity index, and perimeter and circularity index
(Jones et al. 2012).
Correlation tests for both the SIL study, and the Jones et al. (2012) pingo study were run
in SPSS. It was found that the superimposed landforms had a negative correlation between area
and circularity, and perimeter and circularity. Table 18 shows that the area and circularity
correlation is -0.185, and perimeter and circularity correlation is -0.375. Area and circularity
was not significant. The perimeter and circularity correlation was significant at the 0.01 level.
The raw data from the pingo dataset was tested for these two correlations. Table 19
shows that the area/circularity correlation was -0.362, and perimeter/circularity correlation was 0.563. They were both significant at the α= 0.05 level. This is in agreement to what is seen in the
literature on periglacial frost mounds (Jones et al. 2012), and what has been established on
various thaw lakes. Usually, as area or perimeter increase, the circularity ratio gets lower (the
landform becomes less circular). This makes sense, as differences in conditions such as thermal
gradient, sediment type, and environmental conditions make landforms grow preferentially in a
certain direction, and not in a perfect circle.
4.6.1 Correlation Tests

To compare whether or not the correlations statistically similar to each other, it was
necessary to perform a Fisher’s Transformation. This test was performed only on the
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perimeter/circularity correlations, since the area/circularity test was not significant in the SIL
dataset. The Fisher’s Transformation test gives output values that allow correlations from two
different samples to be compared. The Fisher’s Transformation for a Z test is calculated as:
n Z=Z1-Z2/SEZD, where SEZD= √[(1/n1-3)+(1/n2-3)].
The 2 sample test of correlations returned a Z score value of 1.52. Tested at the p=0.05
level, the Z score showed that the difference between the two correlations was not found to be
statistically significant. Tested at the p=0.05 level, the critical Z score is 1.96. This difference is
likely due to a difference in sample size.

Table 19. SIL Circularity Correlations
Area

Perimeter

.960**

-.185

.000

.120

72

72

72

.960**

1

-.375**

Pearson Correlation
Area

Pearson Correlation
Perimeter

Sig. (2-tailed)
N
Pearson Correlation

Circularity

1

Sig. (2-tailed)
N

Sig. (2-tailed)
N

Circularity

.000

.001

72

72

72

-.185

-.375**

1

.120

.001

72

72

**. Correlation is significant at the 0.01 level (2-tailed).

72
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Table 20. Pingo Circularity Correlations
Area

Pearson Correlation
Area

Pearson Correlation

-.362**

.000

.000

1247

1247

1247

.944**

1

-.563**

Sig. (2-tailed)

.000

N

1247

1247

1247

-.362**

-.563**

1

Sig. (2-tailed)

.000

.000

N

1247

1247

Pearson Correlation
Circularity

Circularity

.944**

1

Sig. (2-tailed)
N

Perimeter

Perimeter

.000

1247

**. Correlation is significant at the 0.01 level (2-tailed).

The relationships between perimeter and circularity and area and circularity were plotted
for the dataset of SILs. Jones et al. (2012) reported similar scatterplots in their publication. The
graphs of SILs and Pingos looked very similar. As evidenced in Figures 24 (Pingos) and 25
(SILs) the area and circularity relationship has a high concentration of circularity values close to
one with small areas, and then becomes more spread out as area increases. Figure 24 was taken
from Jones et al., with Figure 25 being designed to have identical axis for ideal comparisons.
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Figure 24. Pingo Area v Circularity (Jones et al. 2012)
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Figure 25. SIL Area v Circularity

The relationships between perimeter and circularity were graphed as well. Figures 26
(Pingos) and 27 (SIL) show a similar pattern to the area and circularity graphs. Both of these two
sets of graphs help to visualize the statistically similar correlations values in the two datasets.
The fact that both landforms become less circular as size increases, could point to a similar
genesis.
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Figure 26. Pingo Perimeter v Circularity (Jones et al. 2012)
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Figure 27. SIL Perimeter v Circularity
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4.6.2 Densities

Another comparison that was tested was the density per kilometer squared. Density has
been looked at in studies involving both pingos, and lithalsas.
Lithalsas appear in close groups, often very numerous and in high concentrations (Pissart
2002). Lithalsas have been found to have a density of 10/km2, in a study performed in the Great
Slave Lowlands of the Northwest Territories, Canada (Wolfe et al. 2014).
On the contrary, pingos develop at widely spaced intervals, their number per unit area is
low, in both open and close systems (Pissart 2002). Depending on the origins (hydraulic or
hydrostatic), pingos have slightly different concentrations. Hydrostatic system pingos average
less than 8 pingos/km2, and hydraulic system pingos tend be found at a concentration of less than
1/km2. The difference in concentrations has been used to determine the genesis of relict
periglacial mounds, such as in the case of Pissart et al. 2003, who used the high concentration of
mounds in their study area to help determine their Lithalsas origins.
Table 20 was adapted from Jones et al.’s study of pingos in Alaska. The table compares
parent materials to densities. They range from 0.01 in upland silt, to 0.18 in Eolian sand which
has been reworked by streams. The SILs were enclosed in a 38 by 19 kilometer area, or 722 km2.
There were a total of 72 analyzed, which gives a density of approximately 0.1 landforms/km2.
The density of SILs was found to be ~0.1/km2, which fits within the pingo concentration range,
and provides further evidence that the SILs are pingos. Jones et al. also presented a table of
densities that had been reported in other pingo studies, which appears in Table 21. The range
overall was 0.012 to 11/km2. It is interesting to note that the pingos reported by Walker et al.
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(1985) that were in flat thaw lake plains, and gentle rolling thaw lake plains had densities of
0.096/km2 and 0.286/km2 respectively. These two landscapes would be the most similar to the
IWLPs in which SILs have formed, and the SIL density value is very similar to both of these
values.
Table 21. Parent Material and Density of Pingos reported by Jones et al. (2012)

Parent Material

Density (Pingo/Drained Lake Basin)

Eolian Sand > 15 m thick

0.06

Eolian Sand > 15 m thick; reworked by streams

0.18

Marine sand < sand 15 m thick

0.01

Floodplain and low terrace deposits

0.02

Upland silt

0.01

Marine silt

0.00
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Table 22. Pingo studies and reported densities, adapted from Jones et al. (2012)
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4.7 Pedology of Superimposed Landforms on Ice Walled Lake Plains in North Central Illinois

The final step in this research in terms of identifying these superimposed landforms was to
characterize the sediments as a means of understanding how they formed. One specific IWLP
with several superimposed landforms was picked for more detailed sedimentological analysis.
This IWLP had 12 cores taken in totality. The sampling locations were chosen in order to capture
a range of positions on the IWLP and SIL. Cores 1, 2, and 3 were taken to analyze the two rims
and the interior of a SIL on the east side of the IWLP. Cores 4 and 5 were chosen to analyze the
southern rim of the IWLP. Cores 6 and 7 were taken from inside the IWLP, but not on an SIL.
Core 8 was taken from the southern rim of the SIL, cores 9 and 10 were taken from the interior
of that SIL, and core 11 was taken from the northern rim of that SIL. Finally, core 12 was taken
from the northern side of the IWLP.
The location of the landform is displayed in Figure 28. It is located on a row crop farm
owned and operated by Dan Favre. Cores were taken to assess sediments on the two rims of the
IWLP, interior of the IWLP, two rims of the SIL, and interior of the SIL. A photo of the IWLP
and SIL sampled, and the location of the 12 cores is pictured in Figure 28.
The 12 cores that were sampled at the Favre farm were assessed for depths to loess,
lacustrine sediment, and till. The results of this are displayed in Table 22. The loess noted in this
study was differentiated by its lack of stratification, presence of weathering, and high percentage
of silt. The loess in this area is Peoria Silt (Killey 2007). This loess was deposited between
25,000-12,500 years ago, when eaolian processes carried the yellowish-brown and gray silt sized
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debris out of the rivers basins of the Illinois, Mississippi, Missouri and other, smaller rivers in
the area (Killey 2007).
In addition to loess, lacustrine sediment was noted in all 12 cores. The sediment was
differentiated by the presence of sand lenses, stratification of sediments, a pinkish tint, and an
increased percentage of clay.
Of the 12 cores taken, only two were deep enough to note the presence of the Tiskilwa
Till. These were cores 2 and 6. The till was much denser than the lake sediment. The Tiskilwa
till and lacustrine sediment have the same origins, with the lake sediment having been reworked
by wave action. Therefore, the lake sediment shows stratification and the presence of sand
lenses. This analysis had two important findings. One, that there was only one layer of lacustrine
sediment. There was no evidence of a second, either younger or older, layer of lake sediment.
This aided in disproving the idea of SILs being smaller IWLPs, having formed glacially at a
different time than the larger IWLPs
Secondly, the core descriptions found a shallower layer of loess on the rims of the
Superimposed Landforms. This would make sense given a periglacial genesis, as the lacustrine
sediment would have been pushed up by the forming processes of either lithalsas or pingos.
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Figure 28. Map of Transects on IWLP, 88°47'43.021"W 41°55'11.144"N, Sec 28, SE
DeKalb Quad, R4 T40
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Table 23. Depth to
Parent Materials
Core Number

Loess Thickness

Lake Sediment
Thickness

Till Thickness

1

0-205 cm

205-372 cm

N/A

2

0-158 cm

158-500 cm

500 cm

3

0-207 cm

207-500 cm

N/A

4

0-202 cm

202-280 cm

N/A

5

0-230 cm

230-405 cm

N/A

6

0-105 cm

105-360 cm

360-440 cm

7

0-170 cm

170-355 cm

N/A

8

0-130 cm

130-207 cm

N/A

9

0-185 cm

185-409 cm

N/A

10

0-168 cm

168-428 cm

N/A

11

0-135 cm

135-300 cm

N/A

12

0-156 cm

156-392 cm

N/A
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An additional concern is raised over the lack of peat or organic matter layers in the
surrounding area. Lithalsas have been hypothesized by some to be palsas that have lost their peat
layer over time (Calmels et al. 2008), implying that the area would have had to once have been
particularly marshy and that there likely would have been palsas in the area as well.
Additionally, Pissart et al. (2003) stated that, worldwide, “everywhere lithalsas are found, palsas
are found, too.” This implies that if the landforms are indeed lithalsas, there would be palsas in
the surrounding area.

4.8 Proposed Process Model for Genesis of Superimposed Landforms

Based on the geomorphic and soil analyzes, a process model (Figure 29) for the genesis of
superimposed landforms has been developed. The placement of the superimposed landforms
inside drained, IWLP basins leads to the conclusion that the superimposed landforms are
hydrostatic (or closed) system pingos. Because the type of ice involved in the landforms’ genesis
cannot be studied, it is impossible to completely rule out a lithalsa-genesis. However, the
morphometry, density, and lack of surrounding palsas/peat debris make it very probable that the
landforms are relict pingos.
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Figure 29. Process model of SIL genesis
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Stage one of the model depicts formation of the Ice Walled Lake Plains itself. These lakes
were formed in the ice-walled depressions on the supraglacial environment of the Bloomington
Moraine Complex. In order for formation to occur, there must have been stagnated glacial ice,
which is why these lake plains are only present on moraines. The lake was fed by sub-glacial
fluvial systems, precipitation and melt-out of the surrounding ice sheet. As the climate, warmed,
the ice walls and supraglacial ice overall begins to meltaway. Eventually, the entire surrounding
ice environment melts and the lake drains. This leads to a topographic inversion the formerly
depressed lake basin is now perched lake sediments. According to Curry et al. (2010), the time
between lake creation and topographic inversion was likely 300-1500 years.
Stage two depicts the periglacial environment, post-topographic inversion. The paleo-climate
at this time was cold enough to sustain permafrost. The figure depicts the perched lake
sediments, atop the permafrost environment and an associated talik. A talik is a “layer or body of
unfrozen ground occurring in a permafrost area due to an anomaly in thermal, hydrological,
hydrogeological, or hydrochemical conditions” (van Everdingen, 1998). In this case, the former
lake had insulated the area of directly under the lake, leaving it warmer than the surrounding area
and not prone to freezing into permafrost.
In stage three, there is a still a talik present below the lake, but it is shrinking inward with the
presence of aggrading permafrost. Gurney (1998) reported that the size of a talik is generally
related to the size of the resulting pingo. A larger drained lake basin results in a larger possible
pingo.
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By stage four, the permafrost had grown inward enough to substantially shrink the area of the
talik, or saturated sediments. At the time, segregation and/or intrusive ice was also forming due
to the inward permafrost growth. Segregation ice is key to the growth of pingos, as it leads to the
ice lenses associated with the bottom of pingos. Additionally, the process of ice doming would
have begun in pingo formation, due to intrusive ice. This is initiated by pore water expulsion.
Hydraulic pressure cause pore water to expul from the aggrading permafrost, which freezes and
adds to an ice core. This process eventually leads to the dome shape conical hill.
Stage five shows end result of permafrost aggradation, and aggradational ice buildup. The
result is a pingo, situated above the IWLPs that provided the source of saturated sediment.
Stage six progresses much like the decay of the ice-walled-lake, as the pingo or lithalsa
decays simultaneous to a warming climate period. The ice core eventually melts, and a
ramparted, or “doughnut” shaped structure is left behind. This is left sitting on top of the IWLP
that was created a few thousand years prior, while the landscape was still glaciated.
As aforementioned, permafrost presence is essential to the formation of both pingos and
lithalsas. There are several ways that relict permafrost can be identified in a modern landscape.
One way is the presence of patterned ground, which shows the ice-wedge casts that are left
behind by freeze-thaw action in permafrost. There are examples of this in the study region
(DeKalb County). Figure 30 shows an example of patterned ground in the county. This is very
important because it validates the possibility of pingo formation in the past.
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Figure 30. Patterned ground inside an IWLP in DeKalb County, IL
Hilt Johnson researched periglacial phenomena in Central Illinois, and mapped ice-wedge
casts, involutions, and pingo scars throughout Illinois (Figure 31). He confirmed from this
research that permafrost did indeed form throughout Illinois in ice-margin environments.
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Figure 31. Periglacial Features in Illinois (Johnson 1990)
This evidence, along with the patterned ground that has been noted in DeKalb County,
makes a periglacial genesis of SILs possible.

CHAPTER 5. CONCLUSIONS

As the theory of a second generation of IWLPs has been rejected, the origins of the
superimposed landforms must be periglacial. This leaves the two options presented aboveLithalsas, and Pingos. Both the genesis and morphometries of these two landforms is different.
Lithalsas form in only silty materials, which are most susceptible to segregation ice formation.
Although there has been aggradational ice noted in lithalsa genesis, they rely on segregation ice
to begin genesis. Pingos, however, need a permeable material that allows water to circulate (such
as a drained, but saturated, lake basin). This presence of this permeability allows for injection ice
to form (Pissart 2002).
Because of the sedimentology, location, density, and morphometry of SILs in Illinois, it is
concluded that the landforms are likely relict pingos. The perimeter, length, width, and
circularity of SILs were all comparable to those of pingos previously studied. As mentioned
before, the SILs had a very low height on average, which is likely due to short duration of
permafrost existence compared to areas where modern day pingos grow. The landforms could
also be a hybrid of hydraulic pingos and lithalsas. This type of landform has been noted
previously. Chisem (2007) researched periglacial features in South Wales, and concluded that it
was likely a hybrid of a relict hydrostatic pingo and remnant lithalsa. The author noted that there
was the need for additional research into the field of periglacial landforms, as misclassification
could lead to incorrect assumptions about past environments and paleoclimates (Chisem 2007).
The possibility of a third, or polygenetic, type of pingo has also been noted in past research.
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Gurney (1998) noted the presence of unclassified pingos, whose ice cores suggested pingo-like
genesis, but could not be explained by either hydraulic or hydrostatic processes. Gurney and
Worsley (1997) also noted the possible presence of “poly-genetic” pingos. They noted that in the
relatively small study area of 50 km2, there was a large diversity of morphologies and origins of
pingos. It is likely that many of the pingos studied in this area were formed via both hydraulic
and hydrostatic processes, and the authors emphasize the importance of exercising caution when
identifying relict periglacial features.
If the SILs are indeed relict pingos, this communicates several things about the paleoconditions of Northern Illinois. Importantly, it solidifies the fact that there was indeed permafrost
present after the last glaciation. It is speculated that permafrost formed on the ice margins of the
Wisconsin Glaciation 21,000 to 16,000 years ago (Johnson 1990). Since the DeKalb County area
was the first to have ice-retreat, it would also be the first to have land exposed for permafrost
development. This places permafrost development in the DeKalb County area at about 21,000
years ago.
Climatically, the presence permafrost and pingos implies a mean annual air temperature of 6ºC ±2ºC. This means that the climate was approximately 17 ºC cooler during pingo formation
(about 21,000 years ago) than it is in the present day. There has been no organic debris found in
either ice wedges (Johnson 1990) or relict pingos in Illinois. This suggests a biome with little
peat during permafrost and pingo vegetation, which contrasts strongly to current-day tundra
environments.
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Judging by the presence of IWLPs, relict pingos, and patterned ground that have been
identified, it is likely that the study area (North-Central Illinois) looked like Figure 32. The
figure shows modern day Tuktoyaktuk Peninsula, with several drained lake basins and hydraulic
pingos.

Figure 32. Depiction of pingos (identified by arrows) in drained lake basins, Tuktoyaktuk
Peninsula (Google Earth)
The presence of IWLPs and confirmed lacustrine sediment in this study also brings to light
errors in the modern day soil survey. There are no soil series with lacustrine parent materials
mapped in the DeKalb County soil survey, but they have been identified in this and other studies
(Curry et al. 2010). This suggests that a closer soil series assessment could be performed in
future soil surveys.
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